'-298 


PART  53— FORMS 


REPORT  DOCUMENTATION  PAGE 


PueiK  reoo<tiA9  oufden  ^0*  thn  coii«citon  of  information  n  estimated  to  average  1  nour  ocr  reioomc.  mctgi 

gatnering  artd  mamtamtng  the  data  needed,  ar^  comoteting  and  reviewing  the  cotteetion  of  information,  _ 

collection  of  information,  including  larggestiona  for  reducing  thn  Oureen.  to  waihington  neadouarten  Scrvicti.  Otreeioratt  tor  inrurm*,^ _ 

Oavn  Hignwav.  Suite  1 204.  Arlington.  VA  2220i-4303.  and  to  the  Office  of  Managen^f  and  Budget.  haoerworU  hedwction  >ro|dCt  (07044)  tm.Wawi«ngtow.  OC  waua. 


1.  AGENCY  USE  ONUY  (Letvt  bitnk)  2.  REPORT  DATE 

3.  REPORT  TYPE  ANO  OATES  COVERED 

FINAL  REPORT  7/1/94  -  11/30/96 

4.  TITU  AND  SUBTITLE 

CYTOCHROME  P4501A  INDUCTION  IN  VERTEBRATE 
ENDOTHELIUM 

5.  FUNDING  NUMBERS 

F49620-94-1-0368 

(a?  W  09^1^ 

6.  AUTHOR(S) 

John  J.  Stegeman 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  AOORESS(ES) 

WOODS  HOLE  OCEANOGRAPHIC  INSTITUTION 

WOODS  HOLE,  MA  02543 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

W.H.O.I.  Proposal  No. 

8216 

9.  SPONSORING /MONITORING  AGENCY  NAME(S)  ANO  AOORESSiES) 

Dr.  Walter  Kozumbo 

AFOSR/NL 

110  Duncan  Avenue 

Room  B115  Bolling  AEB  DC  20332-8080 

10.  SPONSORING  /  MONITORING 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

12a.  distribution /AVAILA8IUTY  STATEMENT 

Approvad  for  pub}. ic  rols-sss  ; 

<2  i  r.  t  r-  i  but,  i  o  n  un  1  i  a  i  t  e  d . 

12b.  DISTRIBUTION  CODE 

'.3.  abstract  (Maximum  200  wordi) 

This  grant  examined  cytochrome  P450  induction  in  endothelium,  a  potentially  critical  yet  largely 
unexplored  site  of  xenobiotic  action  in  vertebrates.  The  regulation  and  function  of  endothelial 
CYP1A,  and  its  role  in  toxicity  and  pharmacokinetics  of  foreign  compounds  were  examined  in 
porcine  and  human  aorta  endothelial  cells,  and  tissues  from  humans  and  non-mammalian 
vertebrates.  The  first  endothelial  dose-response  to  TCDD  and  first  demonstration  that 
endothelial  cell  CYP1 A  is  catalytically  active  in  intact  cells  were  obtained.  Response  to  different 
potency  AhR  agonists  was  determined.  Studies  of  opportunity  examined  endothelial  CYP1A 
induction  as  a  marker  of  exposure,  including  in  human  placenta.  The  possibility  that  CYP1A  in 
the  endothelium  might  participate  in  toxicity  of  Ah  receptor  agonists  was  examined  in  several 
studies  with  fish  models.  The  studies:  provided  new  information  important  for  evaluating  both 
the  ecological  and  health  risk  of  chemicals;  validated  immunohistochemical  analysis  of  CYP1A 
expression  as  a  biomarker  of  environmental  exposure  to  diverse  compounds  of  interest  to  the 
Air  Force;  demonstrated  endothelial  cells  as  a  novel,  alternative  system  for  evaluating  new 

I  chemicals.  Ten  publications  are  appended. 

14.  SUBJECT  TERMS 

IS.  NUMBER  OF  PAGES 

IS.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION 

OF  REPORT  OF  THIS  PAGE 

u _ kA _ 

19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

_ 

20.  LIMITATION  OF  ABSTRACT 

UC _ 

NSN  7540.01-280-S500  Standard  Form  298  (Rev.  2-89) 


rmcnM  Sr  "in  t3»-n 
na-tu 


AFOSR-TR-97 

Ol'oU 


19970602  061 


53-85 


1 


Cytochrome  P450  lA  Induction  in  Vertebrate  Endothelium 


Final  Report  on  AFOSR  grant  F40620-94-1039. 

John  J.  Stegeman,  Senior  Scientist 
Biology  Department 
Woods  Hole  Oceanographic  Institution 
Woods  Hole,  Massachusetts  02543 


SUMMARY  OF  PROPOSAL  AND  RESULTS. 

This  grant  was  to  examine  cytochrome  P450  induction  in  the  endothelium,  a  potentially  critical 
yet  largely  unexplored  site  of  xenobiotic  action  in  vertebrate  organisms.  The  background  to  these 
studies  includes  the  essential  role  of  endothelium  in  the  regulation  of  cardiovascular  and  other 
functions,  and  the  earlier  findings  of  very  strong  induction  of  CYPIA  in  endothelium.  Though  a 
single  cell  layer,  the  mass  of  endothelium  throughout  the  vertebrate  body  constitutes  a  large  organ, 
that  could  be  an  important  site  of  toxic  action,  a  major  site  of  xenobiotic  metabolism  or  removal,  and 
a  preferred  site  for  biomarker  analysis.  Endothelium  is  a  site  of  induction  common  to  all  organs. 
At  the  time  of  submission,  CYPIA  induction  had  been  seen  in  endothelium  of  multiple  species. 
Those  findings  implied  that  regulatory  mechanisms  for  CYPIA  genes  are  operating  in  endothelium, 
and  that  toxicity  associated  with  receptor  binding  may  occur  there,  i.e.,  that  the  endothelium  itself 
could  be  a  critical  target  for  some  chemical  effects.  Results  also  suggested  the  hypotheses  that  the 
endothelium  may  be  an  important  site  for  xenobiotic  removal  from  the  circulatory  system.  This 
process  could  influence  both  the  pharmacokinetics  and  the  systemic  toxicity  of  organic  chemicals, 
particularly  at  low  doses. 

Studies  to  address  these  issues  were  proposed  in  two  areas. 

A.  First  we  proposed  to  establish  the  utility  of  endothelial  cells  in  culture  for  investigating  the 
regulation  and  function  of  this  cell  type.  1.  It  was  proposed  to  examine  the  sensitivity  of 
endothelial  cell  response  to  model  compounds,  determining  the  dose-response  for  induction  of 
cytochrome  P450  1 A  in  endothelial  cells  from  mammalian  and  non-mammalian  vertebrate  species. 
2.  The  effectiveness  and  magnitude  of  response  for  selected  compounds  that  are  weak  and  strong 
Ah-receptor  agonists,  and  those  which  are  rapidly  or  slowly  metabolized  were  to  be  compared.  3. 
The  rates  of  xenobiotic  biotransformation  in  the  endothelium  were  to  be  determined  for  selected 
substrates.  4.  The  sensitivity  and  magnitude  of  response,  and  the  capacity  for  metabolism  in 
endothelial  cells  were  to  be  compared  with  those  in  hepatic  cells  in  culture. 

B.  Secondly,  studies  were  proposed  to  investigate  the  potential  for  endothelial  CYPIA  to  act  in 
toxicity  and  to  influence  pharmacokinetics  of  foreign  compounds.  Studies  were  designed  to 
determine  whether  induction  of  cytochrome  P450  1 A  in  endothelium  could  affect  the  internal  dose 
of  toxicant  at  selected  other  target  sites  in  the  organism.  The  studies  were  to  be  carried  out  with 
mammalian  and  non-mammalian  vertebrate  species,  to  establish  the  common  features  of  this 
response,  providing  a  further  basis  for  judging  the  validity  of  extrapolation  between  species. 
Although  the  studies  proposed  focused  on  cytochrome  P450  lA,  the  in  vitro  systems  developed 
could  be  useful  to  evaluate  the  role  of  other  enzymes  (e.g.  CYP2E  forms)  in  the  effects  an^or 
removal  of  unknown  and  novel  toxicants. 

It  had  been  proposed  to  investigate  metabolism  of  diverse  chemicals  in  endothelial  cells,  as 
compared  to  hepatocytes,  in  collaboration  with  personnel  at  Air  Force  laboratories.  However,  due 
to  a  reduction  in  the  period  of  award  from  3  to  2  years,  this  could  not  be  done. 
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RESULTS: 

A.  ENDOTHELIAL  CELLS  IN  CULTURE: 

Most  of  these  objectives  were  accomplished.  Studies  were  carried  out  with  porcine  and  with 
human  aorta  endothelial  cells.  Responsiveness  of  endothelial  cells  in  culture  to  induction  of 
CYPIA  and  catalytic  function  of  endothelial  CYPIA  were  established.  The  first  dose-response  to 
TCDD,  and  several  other  inducers,  and  the  first  clear  demonstration  that  endothelial  cell  CYPIA 
is  catalytically  active  in  intact  cells  were  obtained.  The  response  to  different  potency  AhR 
agonists  was  determined.  The  temporal  response  to  slowly  metabolized  (3, 3', 4,4'- 
tetrachlorobiphenyl)  and  rapidly  metabolized  (benzo[a]pyrene  and  6-naphthoflavone)  inducers 
was  determined.  CYPIA  activity  with  different  substrates  was  determined.  Comparison  to 
hepatocytes  is  still  being  done. 

In  addition  to  the  proposed  studies,  we  were  able  to  demonstrate  that  glucocorticoids  act  to 
potentiate  the  induction  of  CYPIA  in  endothelial  cells. 

Much  of  this  progress  has  been  published.  (Appended) 

Studies  to  compare  mammalian  and  fish  endothelial  cells  in  culture  were  not  accomplished  as  our 
efforts  to  establish  endothelial  cells  from  fish  have  not  yet  been  successful. 

B.  ROLE  OF  ENDOTHELIAL  CYPIA  IN  PHARMACOKINETICS  AND 
TOXICITY: 

Endothelial  CYPIA  and  pharmacokinetics. 

Studies  proposed  to  examine  the  rete  mirable  (a  vascular  bed)  in  the  eel  have  been  accomplished 
and  demonstrate  the  catalytic  function  of  fish  endothelial  CYPIA,  and  provide  substantial  support 
for  the  hypothesis  that  the  "penetration"  into  distal  parts  of  the  animal  can  be  strongly  influenced 
by  endothelial  CYPIA. 

This  work  has  been  presented  and  is  being  prepared  for  publication.  (Not  appended) 

The  possibility  that  CYPIA  in  endothelium  might  act  as  a  "binding  protein"  as  well  as  being  able 
to  metabolize  compounds  was  examined  with  the  fish  scup  CYPIA  and  3,3',4,4'- 
tetrachlorobiphenyl.  Immunoprecipitation  results  showed  that  the  fish  CYPlAl  can  act  as  a 
binding  protein  in  vivo  and  in  vitro.  This  is  novel  in  that  in  mammals,  it  is  thought  that  CYP1A2 
but  not  CYPlAl  acts  as  a  binding  protein.  If  true,  that  would  preclude  endothelial  1 A  from  being 
a  binding  protein  in  mammals,  as  only  1 A1  is  expressed  in  extrahepatic  organs  in  mammals. 

This  work  is  being  prepared  for  publication.  (Not  appended) 

Similar  studies  proposed  with  rabbit  were  not  accomplished,  in  part  due  to  the  reduction  in  time  of 
the  grant.  However,  alternate  studies  have  been  accomplished  with  human  placenta  as  an 
"endothelium-rich"  structure.  Cellular  localization  of  CYPIA  expression  in  placenta  of  smoking 
and  non-smoking  mothers  has  been  examined. 

This  work  has  been  presented  and  is  being  prepared  for  publication.  (Appended) 

Endothelial  CYPIA  induction  and  toxicity  of  Ah  receptor  agonists/  CYPIA 
substrates: 

The  possibility  that  CYPIA  in  the  endothelium  might  participate  in  toxicity  of  Ah  receptor 
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agonists  was  examined  in  several  studies  with  fish.  The  results  show  a  strong  association 
between  the  degree  and  localization  of  endothelial  induction  and  toxicity  of  TCDD.  Several 
papers  have  been  published  or  submitted  describing  these  results.  The  studies  included 
development  of  zebrafish  as  a  model  to  test  cardiac  and  endothelial  dysfunction,  and  included 
other  compounds  of  interest  to  the  Air  Force  (lower  mol.  wt.  aromatics  such  as  benzene  and 
toluene) 

Short  communications  have  been  published.  (Appended) 

In  addition,  studies  to  address  the  possible  mechanisms  by  which  the  CYPl  A  might  be  toxic  were 
done.  The  results  indicate  that  a  likely  avenue  is  by  the  generation  of  reactive  oxygen  species  by 
the  CYPl  A  when  it  binds  slowly  metabolized  substrates  such  as  3,3',4,4'-tetrachlorobiphenyl  or 
TCDD. 

This  work  has  been  presented  and  is  being  prepared  for  publication.  (Appended) 

In  addition,  other  endothelial  enzymes  have  been  examined,  as  a  prelude  to  further  studies  of  the 
mechanisms  of  toxicity.  Thus,  studies  have  been  initiated  on  fish  nitric  oxide  synthases.  The 
first  studies  on  NOS  in  liver  and  heart  of  fish  were  on  enzymology.  Studies  on  interaction  of 
CYPl  A  and  NOS,  and  on  NO  and  superoxide  in  the  endothelium  are  planned. 

Initial  characterization  studies  have  been  presented  (appended) 

Endothelial  CYPIA  as  a  biomarker 

Several  studies  of  opportunity  were  carried  out  related  to  the  use  of  endothelial  CYPIA  induction 
as  a  marker  of  exposure.  The  study  involving  human  placenta  (see  above)  is  one.  Other  studies 
continued  with  fish,  comparing  the  dose-responsiveness  of  induction  in  different  cell  types,  as 
compared  to  the  results  in  endothelium.  The  appearance  of  PAH-inducible  P450s  in  endothelium 
of  different  organs  of  diverse  vertebrates  continues  to  indicate  that  this  is  a  fundamental  response 
in  this  cell  type. 

These  studies  have  been  presented  and  published  or  are  being  prepared  for  publication. 

In  summary,  the  studies  succeeded  in:  1.  Providing  new  information  important  for  evaluating  both 
the  ecological  and  health  risk  of  chemicals.  2.  Validating  immunohistochemical  analysis  of  CYPIA 
expression  as  a  molecular  biomarker  for  environmental  exposure  to  diverse  compounds  including 
those  of  interest  to  the  Air  Force.  3.  The  studies  demonstrated  endothelial  cells  as  a  novel,  alternative 
system  for  evaluating  new  chemicals. 
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